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Change Description

• Change Requested: 
1. Remove IFS optics, IFS Camera and associated electronics, 

thermal H/W, operations (such as IFS centroiding by PACE), etc.
2. Add two direct-vision dispersion prisms (aka Amici prisms) on 

CSAM, and perform spectroscopy with DI
• Additional engineering filters for dark hole digging, as demonstrated 

with SPC 18%
• Change spectrum extraction algorithms (IPAC?, SITs?) Part of 

Ground Systems PDR?

• Rationale:
1. Simplify CGI, reduce mass and power
2. Help CGI fit in cost cap
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CGI Modes – Shaped Pupil Spectroscopy

Pupil 
mask

Lyot
mask

Filter 
wheel

Field stop
mask

DM2

FocM

DM1

FM

IFS/Img 
selectorFocal 

plane 
mask

Shaped Pupil Spectroscopy Mode

FPA

IFS

IFS

to LOWFS

The IFS uses two 15% bands (Band #2 and Band #3) to produce R≥50 
spectra from 600 to 900nm at IFSCAM

lenslet 
array pinhole 

mask
dispersed 

lenslet images 
extracted data 

cubeSPC images in15% 
bands

Coronagraph 
Instrument (CGI)

OAP5 OAP6 OAP7 OAP8

OAP1

OAP2

OAP3

OAP4

FSM

M4

F1
F1

F2 Tertiary Collimator 
Assembly (TCA)

Telescope

PM

SM

F3F2

POMA

TOMA
M3

7-3

WAS



CGI Modes – Shaped Pupil Spectroscopy
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IFS Components on CGI
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• Prism design almost identical to Polarization Module
– Triplet plano prisms and doublet imaging lens

• CGI and JAXA team have been working together on opto-
mech design
– Room temperature

• Polarization module PDR tentatively planned July 29-30, 
2019

• Can join forces with GSFC IFS team

• High confidence in engineering design to reach PDR level 
by CGI PDR time

Added Prism Assemblies (2X) similar to 
Existing Polarization Modules
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Proposed CGI planet spectrum prisms (2X, band #2 and band #3)
Courtesy of Tyler Groff and Qian Gong (GSFC)

JAXA Polarization Module (2X)
Courtesy of Motohide Tamura



Added Five Color Filters to existing 
Spare Slots
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Added slits (2X) to Field Stop Alignment Mechanism

Slide 8

Added Slits (2-3X?) for Planet 
Spectroscopy. 

New hard-wares can be accommodated with existing space on the JPL “plates”, 
do not require modification of the MPIA PAMs



Mass and Power Impact

This change brings us to meeting PDR mass 
margin

This change brings us closer to meeting the PDR 
power margin

POWER Savings Estimate v3, 5-13-19

IFSCam Related Components
CGI Instrument Mode (W) Applicable

PEL Row †OPS § Standby Survival
Camera (detector & preamp)

*
See
note

below

N/A N/A 11 - 12

Camera OPS Heater N/A N/A 61

Prox Elex N/A N/A 17

Prox Elex OPS Heater N/A N/A 65

Cam I/F Elex (CIE) - within ISE ¥ ?? N/A N/A 101

Camera Decon Heater N/A 4.0 N/A 69

Prox Elex Survival Heater N/A 16.9 16.3 89

Total Savings Estimate: 0.0 20.9 16.3

Ave CBE (current): 299.1 244.4 217.3

Margin (current) vs current Allocation: 25% 8% 3%

Ave CBE (after savings estimate): 299.1 223.5 201.0
Margin (after savings est) vs current Allocation: 25% 16% 11%

Current CGI Power Allocations from S/C: 400 265 225
Mass margin (%) = (mass allocation – mass CBE) / mass allocation
* PEL power estimates already factor in running only one of either IFSCam or DICam at a time
§ Based on 'Calibration' power state in the PEL, which is currently the highest power draw 
state
† Based on PEL Ph B draft v32b
¥ Power dissipated at the CIE will be reduced by this amount given removal of IFSCam
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MASS Savings Estimate v3 5-13-19

IFSCam Related Components Mass Saved
(kg) *

Applicable 
MEL Row

CogE

IFS Cam: 7.4 P. Morrissey
IFS Camera Head (detector, etc) 5.3 51 P. Morrissey

IFS Camera Prox-E (includes preamp) 2.1 59 -60 P. Morrissey
IFS Optics: 6.5 T. Groff

IFS Assembly 6.2 43 T. Groff

IFS Fold Mirror/Mount 0.3 36 - 37 K. Patterson
Structure: 7.0 N/A. Wag J. Lam

Thermal HW: 7.0 N/A. Wag J. Kempenaar

Total Savings Estimate: 27.8

Ave CBE (current): 298.3

Margin (current) vs current Allocation: 15%

Ave CBE (after savings estimate): 270.5

Margin (after savings est) vs current Allocation: 23%

Current CGI Mass Allocation from S/C (kg): 350
Mass margin (%) = (mass allocation – mass CBE) / mass allocation
* Based on MEL Ph B draft v11

WAS

WAS

IS  
IS  

Courtesy of Jeff Bixler



Amici Prism – First Round Concept of Operations
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Dark hold “digging” with DICAM 
demonstrated at HCIT

• Three sub-bands sequentially with DICAM
• Full band (18%) lab results meet requirement
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Courtesy of David Marx



BTR6 Requirement met with margin
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Courtesy of Bijan Nemati



Impact to L1 PLRA Requirement (2-1)

• Propose removing references to integral field spectrograph; 
• Focus on requirements, not specify implementation in PLRA.



Impact to L1 PLRA Requirement (2-2)
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Preliminary analysis shows that BTR6 is met with the prism/slit approach, therefore, this change 
has no impact to BTR6.



Summary

• This change (IFS è prism/slit) simplifies CGI
– Eliminates one camera, reduces # of optics elements, reduces ~27kg mass and 

~20W power
• This change maintains planet spectroscopy yield

– Improves future star-shade performance due to SNR improvement
• Impact to PLRA:

– Only impacts wording “integral field spectrograph”,
– No impact to BTR6, prism/slit approach meets BTR6 requirement with margin

• Given the cost cap constraint, this change puts us in a better position at PDR
– One less new technology to worry about
– Consistent with community and SRB expectation to contain cost
– It is a HUGE regret that we miss the opportunity to demonstrate IFS first-time in 

space
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Backup charts
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Three Key CGI Functions Preserved
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L1 BTR5: Exoplanet imaging:
• HLC
• 10%
• 3-9 lambda/D
• Band 1
• DICAM

L1: Disk imaging/polarimetry:
• SPC/HLC
• 10%
• 3-9 lambda/D, 6-19lambda/D
• Band 4
• DICAM

L1: Exoplanet spectroscopy:
• SPC (or HLC)
• 15%
• 3-9 lambda/D
• Band 2 & 3
• DICAM

Amici 
prism

• Both polarization
• All colors (within 

10%)

• Separated images 
for each 
polarization

• All colors (within 
10%)

• Both polarization
• Dispersed planet 

image (15%, 
R=50), with a slit 
size of  ~ 1 PSF

Starshade spectroscopy mode: with dedicated SS spectrum

No change

No change

Change

FSAM: Field Stop 
Alignment Mechanism

CSAM: Camera Select 
Alignment Mechanism

Camera Assembly
(DICam)
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Direct Imaging  
wide

open

open

Proposed changes:
• Remove the IFS optics, IFS CAM, etc
• Move the spectroscopy function to DI, by adding dispersion prisms on CSAM



Documents Affected
(Title, D-Number, Rev)
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L3 CGIRD:

CGI Optical & Imaging Performance:

Starshade accomodation:



CGI Mask Populations:
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CGI Mask Populations:
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Precision Alignment Mechanism (PAM)
6X
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CFAM: Color Filter Alignment Mechanism
CSAM: Camera Select Alignment Mechanism
FPAM: Focal Plane Alignment Mechanism
SPAM: Shaped Pupil Alignment Mechanism
FSAM: Field Stop Alignment Mechanism
LSAM: Lyot Stop Alignment Mechanism

FPAM

SPAM

LSA
M

FSAM CFAM

CSAM

Last Update: vA_3/15/2019



SPAM (Shaped Pupil Alignment Mechanism)

Slide 23

Last Update: vA_3/15/2019



FPAM
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Last Update: vA_3/15/2019



FSAM
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Last Update: vA_3/15/2019



LSAM
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Last Update: vA_3/15/2019



CFAM
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Last Update: vA_3/15/2019


